Gastrointestinal stromal tumours (GISTs) account for 0.1-3% of all gastrointestinal cancers. Although nausea, emesis, abdominal pain, GIS haemorrhage, and non-specific symptoms associated with metastatic disease are common, asymptomatic cases are not rare. They are located in the stomach in approximately 60-70% of cases, and in the small intestine in 20-30% of cases. Gastrointestinal stromal tumours can be seen synchronously or metachronously with other epithelial cancers. The co-occurrence of colon adenocarcinomas and GISTs in the small intestine is not common. The genetic pathways in the tumourigenesis of two different neoplasms (GIST and colorectal adenocarcinoma) being different was suggested as a probable cause; however; although the number of cases is limited, some researchers have reported that they could not rule out the possibility that this association is not coincidental. Herein we present a patient who was concomitantly diagnosed with a GIST as a result of an ileal lesion biopsy performed during surgery for colon adenocarcinoma.
Introduction
Although diagnosed with increasing frequency, gastrointestinal stromal tumours (GISTs) are rare among all gastrointestinal system (GIS) tumours. These mesenchymal tumours, which are characterized by positively staining with CD117 (c-kit protein), account for 0.1-3% of all GIS cancers. These tumours can arise from anywhere in the GIS. The stomach is the primary location in approximately 60-70% of cases, followed by the small intestine in 20-30% of cases. Gastrointestinal stromal tumours located in the small intestine are more aggressive than other types [1] [2] [3] . Although nausea, emesis, abdominal pain, GIS haemorrhage, and non-specific symptoms associated with metastatic disease are common, asymptomatic cases are not uncommon [1] . The most important prognostic criteria are tumour size and mitotic count [1] [2] [3] .
Carcinogenesis and pathogenesis of these tumours are not clearly understood, because they can be observed along with other tumours and this cooccurrence is not infrequent. Most commonly the diagnosis is made coincidentally during surgery performed for other reasons. Some researchers have reported that the genetic features of tumour progression are the most probable cause of this co-occurrence [4] . Although it is seen more often with GIS malignancies, a review of the literature showed that this co-occurrence is more common with stromal tumours of the stomach and less common with GISTs of small intestine origin. Herein we present a patient who was diagnosed with a GIST based on histopathological analysis of a mass observed in the ileum during surgery performed for a caecum adenocarcinoma. We discuss the patient alongside data from a small number of case reports in the literature.
Case report
A 78-year-old male patient was first taken to another surgery clinic due to complaints of lethargy, constipation, and abdominal discomfort. Abdominal computed tomography (CT) showed a 4 × 3 cm soft tissue mass in the right iliac fossa near the caecum (reminiscent of intestinal wall thickening), fluid collection in the caecum, and extensive enlargement of the caecum (Fig. 1) . A 3-4 cm partially ulcerated irregular lesion was observed in the caecum endoscopically and analysis of the biopsy showed a colon adenocarcinoma. Distant organ metastases were not observed during the grading procedure. Exploratory laparotomy showed over-dilated small intestinal segments współczesna onkologia/contemporary oncology and a 2 cm tumoural mass implanted in the serosa of the small intestine 20 cm from the ligament of Treitz, as well as an approximately 5 cm tumoural mass that obstructed the lumen at the hepatic flexure during retrograde internal decompression. Right hemicolectomy and wedge resection for the implanted lesion in the small intestine was performed. Histopathological analysis of the tumour of the colon showed a well-differentiated adenocarcinoma (pT3N2M0, Dukes stage C2) (Fig. 2) . The second tumoural mass that extended to the serosa from the small intestine mucosa and lamina propria diffusely stained with CD117 (c-kit protein), and primarily consisted of spindle-shaped and sparse epithelial cells ( Fig. 3 and 4) . Histopathological analysis showed it to be located at the surgical border. The tumour cells that were diagnosed as GIST did not stain with Ki67, and necrosis and mitosis were not observed.
The patient was referred to our clinic for adjuvant therapy. His medical history was unremarkable, except for hypertension. Excluding the last 5 years, he had smoked 1 pack of cigarettes each day for 40 years. He did not use alcohol. His performance was Eastern Cooperative Oncology Group (ECOG) 1, blood pressure was 135/80 mm Hg, and heart rate was 92 bpm and rhythmic. There was no pathological finding on physical examination except for 1/6 systolic mesocardial murmur. Laboratory data were haemoglobin 10.2 g/dl and haematocrit 30.1%. Other laboratory parameters were within the normal range. In an immunohistochemical re-evaluation by the pathology department, focal positive centres of the colon adenocarcinoma were observed with CD117 (c-kit protein) staining ( was started once every 2 weeks. At the 2-month post-surgical follow-up there was no metastasis or recurrence, and systemic adjuvant therapy was continued. Imatinib 400 mg d -1 was initiated for the histopathological residual GIST. The patient was followed up for 14 months without recurrence or metastasis.
Discussion
Gastrointestinal stromal tumours were first described in 1983 by Mazur et al. and are classified as a subgroup of GIS sarcomas [5] . Kindblom et al. reported that stromal tumours originate from Cajal cells, which regulate GIS motility and autonomic nerve functions. The fact that Cajal cells exhibited CD117 (c-kit protein) and CD34 expression led the researchers to conclude that stromal tumours originated from these cells [6] .
Gastrointestinal stromal tumours other than type I neurofibromatosis, Carney triad, and familial cases usually occur as a single lesion. These tumours are rarely seen along with other solid tumours [7] . The co-occurrence of GISTs with other malignancies is synchronous or metachronous. Nearly 33% of all stromal tumours are diagnosed incidentally during investigation or therapy for other diseases. Nilsson et al. reported that 22 of 60 GIST patients were diagnosed during therapy for a different intra-abdominal tumour [8] ; this ratio was 19 of 74 in Au et al.'s series [9] . The presented case was diagnosed with a GIST during routine abdominal exploration performed during elective surgery for colon cancer.
Köver et al. reported that 7 of 43 patients with GIST had an accompanying solid tumour [10] , whereas Urbanczyk et al. reported 7 of 200 [11] and Agaimy et al. reported 18 of 97 patients had accompanying solid tumours [1] . In another study by Agaimy et al., it was reported that 258 of 2809 GIST patients (9.2%) had a second tumour [2] . In that study 14 reports published before 2006 and their own patients were analysed, and it was determined that 444 of 4777 GIST patients (9.3%) had a second solid tumour. Moreover, when they included the other 36 patients from case reports the co-occurrence rate of solid tumours and GIST ranged between 4.5% and 33%. Among the reports published after 2006, irrespective of the origination site Liszka et al. reported that 22 of 82 GIST patients had a second epithelial malignant tumour [12] . Goncalves et al. determined a ratio of 14 of 101 [13] , Bulusu et al. found 21 of 150 [14] , and Yavuzer et al. reported that 5 of 22 GIST patients had a second epithelial malignant tumour [15] . In consideration of these series, it could be concluded that the mean co-occurrence rate of solid tumours with GISTs is 15.7% (range 3.5-26.8%). These studies show that GIS cancers are the most common tumours that accompany GISTs (47%) [1, 2] . Colorectal cancers are the most common (22%) of all GIS cancers, followed by stomach (19%), and oesophageal cancers (2%). Other secondary tumours that accompany GISTs include prostate, lymphoma/leukaemia, breast, kidney, lung, female genitalia, soft tissue, and bone sarcomas, carcinoid tumours, and pancreatic cancers. Moreover, Agaimy et al. reported that the incidence of multiple secondary malignancies is 1.03% [2] .
Gastrointestinal stromal tumours in the stomach are most frequently associated with other neoplasms (60%). This may be due to the fact that most stromal tumours originate from the stomach. Some researchers have suggested that this coincidence is probably linked to Helicobacter pylori infection [3, 16] . Wronski et al. reported that only 4 of 28 GIST patients had an accompanying solid tumour and that, in all of these cases, the stromal tumour was of stomach origin. Wronski et al. also determined that the co-occurrence rate of GISTs with other tumours was 15% and the co-occurrence rate with a secondary GIS cancer was 25%; however, the association between small intestine-derived GIST cases and colorectal carcinomas is rare and limited to plain case reports [3] . Agaimy et al. reported that the incidence of small intestine-derived GISTs associated with other solid tumours is 8.3%, versus 15.4% for stomach-derived GISTs [2] . A review of case reports in the literature showed that stromal tumours of the small intestine are mostly small and are associated with low to intermediate risk when classified according to Fletcher's risk classification [17] . (Tables  1 and 2) [4, 10, 12, 13, [18] [19] [20] [21] [22] [23] . The presented case also had a small ileum-originated low-risk GIST. For GIST risk stratification is still debated. The classification proposed by Fletch- er is still used today and in 2008 was revised by Joensuu [24] . All of the risk stratification systems proposed so far have emphasized the value of tumour size, mitotic count and anatomical site for risk estimation, at the same time appreciating the difficulty of classifying individual tumours as either benign or malignant [25] . Why GISTs are seen with other malignant tumours is not well understood. The hypothesis, based on a few experimental studies, is that a single carcinogen or carcinogenic pathway plays a role in the neoplastic proliferation of cell series from different histological subtypes [4] . Taking this into account, it can be suggested that cell stimulation is achieved via the same carcinogenic factor during the proliferation of both epithelial and stromal cells.
Melis et al. concluded that contemporary research data showing that mutation is a predisposing factor in neoplastic progression, and is the common mechanism in the pathogenesis of GIST and colorectal adenocarcinomas, are inconclusive [4] . The genetic pathways in the tumourigenesis of two different neoplasms (GIST and colorectal adenocarcinoma) being different was suggested as a probable cause; however; although the number of cases is limited, some researchers have reported that they could not rule out the possibility that this association is not coincidental.
Both colon cancer and GIST have a clear familial predisposition, excluding the well-known hereditary form [4] . One of the two most important pathways of colorectal carcinogenesis is chromosomal instability and this genetic alteration accounts for more than 85% of all sporadic colorectal cancer cases [4, 26, 27] . The other genetic pathway is mitochondrial instability, which is responsible for approximately 15% of all colorectal cancers. In colorectal carcinomas DNA mismatch repair genes, and APC, DCC, p53, and K-ras gene mutations are frequently responsible for carcinogenesis due to these 2 genetic alterations. Despite this, these gene mutations are not involved in GIST progression [4, 26] . Mutations associated with c-kit protein, which is a transmembrane protein that acts as a receptor for stem cell growth factor (SCF), play a role in GIST carcinogenesis as proto-oncogenesis. Activation of c-kit protein by its natural ligand (SCF) plays an important role in cellular transformation and differentiation, including cell proliferation and survival, adhesion, and chemotaxis [4, 26] .
The literature includes two different arguments concerning c-kit protein expression in colorectal carcinogenesis. Bellone et al. posit that there is c-kit protein and SCF overexpression in colonic cancer cells and that c-kit protein activation reinforces the growth, migration, and inva- [27] . On the other hand, some researchers suggest that human colorectal cancer cells rarely express c-kit protein. Singer et al. reported that only 4 of 72 patients (6%) with colorectal cancer had c-kit protein overexpression [28] , whereas this rate was 1.6% in Reed et al.'s study [29] . Melis et al. [4] , and Chiu et al. [23] studied c-kit protein expression in colorectal adenocarcinoma patients, but did not observe positive staining in colorectal carcinomas (Table 2 ). In the presented case colon adenocarcinoma cells focally stained with c-kit protein.
Determination of the existence of a role for c-kit protein in the progression of colon adenocarcinoma could lead to a definitive conclusion about the coexistence of these two tumours of the same tissue.
As a result, it would not be wrong to deduce that separate malignancies could occur along with GISTs and could be misleading in the evaluation of the clinical course. Surgical treatment and the management of liver metastases that can occur during the follow-up of synchronously diagnosed colorectal adenocarcinoma and GIST remain a major problem. We think that identifying the common pathway of colorectal carcinomas and GISTs via carcinogenesis-related research is of major importance and that detailed exploration during intra-abdominal tumour surgery should not be neglected.
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